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ABSTRACT KEYWORDS
In the present study, the methodologies for extraction, cleanup, detection Buffalo meat:
and quantification of endosulfan o, endosulfan 8, endosulfan sulfate and Endosulfan:
chlorpyrifosresiduesin buffalo meat were standardized. For the quantifi- Chlorpyrifos;
cation of pesticide residues in the fortified meat tissue samples, first a Limit of detection:
standard calibration curve was obtained by running different dilutions of Recovery percentage.

standard pesticides. The buffalo meat samplesfortified with different known
concentrations of endosulfan and chlorpyrifos standards were subjected
to extraction with acetonitrile, followed by homogenization, sonication,
centrifugation and filtration. The extracts were then subjected to liquid-
liquid partition. The extracts were cleaned up by performing aluminacol-
umn chromatography. HPL C was performed by usingisocratic mobile phase
consisting of acetonitrile;water(67:33) with the flow rate of 1ml/min and
runtimeof 18 min. the detection wavelength was set at 202nmwith 360 nm
asthereference wavelength. On HPLC analysis, the limit of detection was
recorded to be 0.039u/g and 0.0292919/g for endosulfan(c, B and sulfate)
and chlorpyrifos, respectively. The recovery percentage obtained was
83.11+2.65,96.70+3.00, 84.47+3.44 and 86.17+4.09 for endosulfan o, en-
dosulfan B, endosulfan sulfate and chlorpyrifos, respectively.

© 2008 Trade Sciencelnc. - INDIA

INTRODUCTION B, and niacin (http://www.eatorganicbuffalo.com). In-
diaproducesabout 1.483 million metrictons(MT) of

Buffdomeatisknownfor itshighnutritiona quaity  buffalo meat whichisroughly 25% of the total meat
asitislow incdorieg(143keca/100g), cholesterol (82mg/  production(6.03 million M T)1. Besides contributing for
100g) andfat(2.42¢/100g), andisrichiniron(3.42mg/  indigenous consumption, buffalo meat contributesto
100g), vitamin B, sdlenium, zinc, phosphorus, vitamin - about 70%(0.344 million MT) of the total meat ex-
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ported from Indid?. Inspite of all thesefacts, inIndia
theresearch on pesticideresiduesin meat in genera
and buffalo meat in particular hasbeen mediocre.

Asper theregistration committee under theinsecti-
cidesact, (1968) India, asmany as 181 pesticideshave
beenregistered for regular usein thecountry™®. And pres-
ently, 44 typesof pesticidesaremanufacturedin India
and endosulfan (6,7,8,9,10,10-hexachloro-1,5,53,6,9,
9a-hexahydro-6,9-methano-2,4,3-benzadioxathiepin 3-
oxide) and chlorpyrifos(O,0-diethyl O-3,5,6-trichloro-
2-pyridyl phophorothioate) arein common usg. Though
the consumption of pesticidesin Indiais0.5kg/hawhich
isfar lessvis-a-visother countries(7kg/hainthe USA)
Bl theinadequate knowledge of farmershasled toin-
discriminate and injudicioususe of pesticidescausing
the problem of pesticideresiduesin food.

Endosulfan isan organochlorine pesticide of the
cyclodiene subgroup. Technical grade endosulfanis
comprised of two molecular forms (isomers), thead -
pha- and betarisomersintheratio of 7:3, respectively®.
Endosulfan sulfateisabiotransformation reaction prod-
uct of technicd-grade endosulfan®. Endosulfan residues
infood may affect central nervoussystem, kidney, liver
and blood chemistry. Endosulfan causesteratogenic
effectd”; theuseof endosulfaninplantationresultedin
largenumber of childrenbornwith deformed limbsand
mental abnormditiesin PadrevillageinK erdastate®.
It al so shows mutagenic and carcinogenic effectg®9.
Itisapersstent organic pollutant (POP), for it persists
intheenvironment for extended periodsof time(anes-
timated haf-lifeof 9 monthsto 6 years) and hence has
ahigh potential for bioaccumulation and biomagni
fication*¥, increasing the exposure risk of many non-
target anima sand human beings.

Chlorpyrifos(O,0O-diethyl O-3,5,6-trichloro-2-
pyridyl phophorothioate) isanon polar, broad-spec-
trum organophosphorous non-systemic insecticide. It
primarily affectsthe nervous systemthroughinhibition
of cholinesterase, an enzymerequired for proper nerve
functioning. It a so affectsthe cardiovascular and respi-
ratory systems and reports exist on the effects of
chlorpyrifos onreproductive and endocrine system(*2,

Inthe present sudy effortsweremadeto standardize
suitable methodol ogiesfor extraction, cleanup, detec-
tion and quantification of endosulfan and chlorpyrifos
residuesin buffalo mesat by using high performancelig-
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uid chromatography.
EXPERIMENTAL

Chemicals

HPL C grade solventssuch asacetonitrile(MeCN),
water and dichloromethane, and GR grade chemicals
such asalumina(a uminium oxide, neutral activity I-11
grade), sodium sulfatewere used. Puretechnical grade
endosulfan a.(97 % purity), endosulfan (99 %), en-
dosulfan sulfate(98 %) (Supel co, USA) and chlorpyrifos
(98.5%)(Sigma-Aldrich Co.) were used.

Apparatus

A homogenizer(Polytron®), arefrigerated centrifuge
(Multifuge 1 S-R®), an ultrasonicator(Soniprep®) and
avacuum manifold pump were used.

HPLC system

Perkin EImer®(mode series200) comprising of qua
ternary LC pump, autosampl er with Rheodyneinjector
having a200pl loop, diodearray detector and peltier
column ovenwas used.

Column

LichroCART®250-4/ LiChrospher® 100 RP-18e
endcapped(250mmx4mm, with the particle size of
5um) was used.

Mobile phase

Themobilephase consisted of acetonitrileand wa:
terintheratioof 67:33. Theflow raewasIml/minand
theruntimewas 18min.

Meat samples

Meat tissueswere collected from freshly daugh-
tered buffa oesat Bareilly daughter house.

Extraction and cleanup

The buffalo meat sampl es detected negative for
endosulfan and chlorpyrifosresdueswerefortified with
different known concentrationsof standard endosulfan
and chlorpyrifos. Theextraction and cleanup of theresi-
dues of endosulfan and chlorpyrifoswerecarried out
as per the method of Bottomley and Baker(1984)123
with suitablemodifications

Thefortified meat tissue sampleweighing 5gwas
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takenin aclean and dry spouted beaker(50ml capac-
ity) and cut into small pieces (lessthan 1mm thickness)
using a clean scissors. Due care was taken to avoid
unnecessary contamination of the sample during pro-
ng. Thesample(weighing 5g) was added with 30m
of acetonitrileand stirred. The stirred mixturewasho-
mogeni zed us ng high speed homogenizer at 1000rpm
for 5min. The homogenate was then sonicated at 15
micronsamplitudefor 30 cycleswithastoptimeof 5
secondsat low temperature, whichwasmaintained with
crushedice. Thesonicated homogenatewas centrifuged
at 10,000rpm(4°C) for 10min and the supernatant was
taken and filtered through Whatman (#42) filter paper.
The sediment that remained on thefilter paper along
with thefilter paper was once again homogenized and
filtered. Both thefiltrateswere pooled ina250ml ca-
pacity separatory funnel and added with 50 ml of so-
dium sulfate solution(2.5%) and 30ml of dichloro
methane and then subjected to liquid-liquid partition.
The contentswere vigorously shaken for 2-5minand
kept undisturbed for 10minfor theseparation of layers.
Oncethelayersgot separated, thelower organic layer
was collected into aclean and dry beaker. The upper
agueouslayer was again subjected toliquid-liquid par-
titioning with 20ml of dichloromethaneand thelower
organiclayer was collected. The pooled lower organic
layer wasthen dehydrated on sodium sulfate column(a
cleantest tube of 1cminterna diameter was punched
at the bottom and non absorbent cotton was placed at
the bottom and then the column was prepared by put-
ting anhydrous sodium sulfateinto thetubefor the ap-
proximate columnlength of 5cm). Thedehydrated ex-
tract wasallowed to evaporate at room temperatureto
get approximately 5ml of final volume. Thiswasfol-
lowed by cleanup by duminacolumn chromatography.

The content(5ml) obtainedin theextraction proce-
durewas subjected to adsorption chromatography on
auminacolumninorder to iminatevariousco-extrac-
tives such asfats and fatty acidswhich could possibly
be present in the extract and hinder in the detection of
peaksof the putative pesticides. Thea uminacolumns
were prepared by dlurry packing 10g aluminium oxide
and dichloromethane(20ml) inthe burettes. All possble
carewastaken to avoid trapping of air bubblesinthe
column. Thefivemilliliter extract containingthe putetive
pesticide residueswas passed through thea uminacol -
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umn. Theresiduesretained were eluted with 10 ml of
dichloromethane. Theeuatewas collected in abeaker
and was allowed to evaporate completely under the
gentlestream of air.

Detection of endosulfan and chlor pyrifosresidues
by HPLC

The content of the beaker wasreconstituted in 1ml
acetonitrileand filtered through 0.22p milliporemem-
branefilter. A volumeof 20ul of thisreconstituent was
injected into the column for HPLC run. Chromatogra-
phy was performed by using diode array detector
(DAD) at 202nm detection wavel ength with 360nm as
thereference wavel ength. Thetemperature was kept
constant at 40°C. Therun and analysisof sampleswas
carried out by using ‘Total Chrom’ software.

Quantification of endosulfan chlorpyrifosresdues

For thequantification of endosulfan and chlorpyrifos
resduesinthefortified mest tissuesamples, first astan-
dard calibration graph was obtained by running differ-
ent dilutions of standard endosulfan and chlorpyrifos.
Stock standard solution of 100ug ml- concentration
was prepared by dissolving 10mg each of standard en-
dosulfan o, endosulfan B, endosulfan sulfate and
chlorpyrifos separately in 100ml each of acetonitrile.
From endosulfan stock solution, 200ul wasdiluted with
800ul of acetonitrile so asto get aworking standard
solution of 20ug ml-* concentration. With thisworking
standard solution, two-fold dilutions, viz., 20.00, 10.00,
5.00, 2.50, 1.25, 0.625, 0.312, 0.156, 0.078, and
0.039ug ml* were prepared. From chlorpyrifos stock
solution, avolumeof 150ul wasdiluted with 850ul ac-
etonitrileso asto get working standard solution of 15ug
ml-* concentration. Thisworking standard solutionwas
further dilutedto get two-fold dilutions, viz., 15.00, 7.50,
3.75, 1.875, 0.9375, 0.46875, 0.234375, 0.117187,
0.05859 and 0.029295ug ml-t. An aiquot of 20ul of
these concentrations (thrice) wasinjected into the col-
umn for HPLC run and astandard curve was obtained
by plotting concentration versusthe peak area (aver-

age).
Recovery analysis
Theareaof peaksof standard curvesand curves

of fortified samples corresponding to thesimilar con-
centration were compared and recovery percentagewas
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cd culated by usingthefollowing formuld*. Therecovery
percentage obtained was used for the estimation of
correction factor. Thiscorrection factor could beused
to calculatethe actual concentration of pesticideresi-
duesinthetest samples. Theformulaeused are;

N xy) = (ZX)(Zy)
N(Ex?) - (Zx)?
N = number of observations, x = amount of standard pesticide,

y = amount of pesticide detected in the fortified samples

100
Percent recovery

x 100

Recovery(%) =

Correction factor (Cf.) = x 100

RESULTSAND DISCUSSION

Extraction and cleanup of endosulfan and chlor py
rifosresidues

Inthe current study, the tissue sampleswere sub-
jected to extraction and cleanup as per the method of
Bottomley and Baker™ with suitablemodifications. The
solvent acetonitrilewas used for the extraction of en-
dosulfan and chlorpyrifosres duesfromthefortified meset
tissue sampl es, which yielded good recovery percent-
age (83-97%). Severd workershaved so reported the
use of acetonitrilefor the extraction of endosulfan and
chlorpyrifosresduesfromthefood of animal originwith
good recoveries'®41%, The use of acetonitrilefor the
extraction of chlorpyrifosfromthefood of anima origin
was also reported by Claborn and Chau™; Félix et
a.*@ andAtillo et a.*3. Theextraction of endosulfan
and chlorpyrifosresdueswasfollowed by liquid-liquid
partitioning with sodium sulfate solution(2.5%):
dichloromethane(1:1 v/v). However, liquid-liquid par-
tition with acetonitrile:hexane was used to extract en-
dosulfant**, organochl orines (including endosul fan)(¢!
and chlorpyrifod* fromthefood of anima origin. Dur-
ing the course of the present studly, it was observed that
the combination of sodium sulfate and dichloromethane
used for liquid-liquid partition, required | esser evapo-
ration timevis-a-visacetonitrile:hexane combination.
Although Singh and Chawld*" extracted organochlo-
rinesfromanimad tissue matricesby usingliquid-liquid
partitioning with hexane:acetone(2: 1v/v), the present
study reveal ed the presence of endosulfan in both the
organic and aqueous phases. Theextract obtained af-
ter liquid-liquid partition was dehydrated on thesodium
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sulfate columnto get rid of itswater content.

Inorder to eliminatethe co-extractives, adsorption
chromatography on auminacolumn(neutra grade) was
performed. Similar(Aluminacolumn) chromatography
procedures have a so been used for the cleanup of en-
dosulfan and chlorpyrifosresiduesfrom thefood of
animal origin by severd researcherd*®*9with recovery
of theresiduesranging from 75-90%.

Detection and quantification of endosulfan and
chlorpyrifosresidues

In this study, HPLC with diode array detector
(DAD) wasused for the detection and quantifi cation of
endosulfanand chlorpyrifosresidues. High performance
liquid chromatography has been used for the quantifi-
cation of chlorpyrifog®??. The sensitivity of thetech-
niqueisadjudged onthebasisof limit of detection of a
particular pesticideresidue. In the present study, the
limit of detection for endosulfan(a., B and sulfate) was
recorded to be 0.039ug/g (Figures 1-3), which was
well bel ow the codex maximum residuelimit(MRL) of
0.1ug/gfor endosulfanin buffalo meat. Thelimit of de-

S.no. Concentration (ppm) Area
1 0.03905 1589.4
2 0.07810 3652.74
3 0.15620 5987.25
4 0.31250 10425.79
5 0.62500 17214.78
6 1.25000 32478.54
7 2.50000 65924.46
8 5.00000 124789.89
9 10.00000 264578.21
10 20.00000 547895.32
alpha
8
<
f ll £ ]
Adjusted amt

R-Squared=0.999289, Y = (-1144.882838) + (27176.460259) X
Figurel: Calibration graph of ssandard endosulfan o,
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S.no. Concentration (ppm) Area S.no. Concentration (ppm) Area
1 0.03905 3012.79 1 0.02929 5421.12
2 0.07810 5247.86 2 0.05859 13385.15
3 0.15620 7854.12 3 0.11718 21141.89
4 0.31250 13245.24 4 0.23437 40015.87
5 0.62500 22897.45 5 0.46875 82547.02
6 1.25000 42150.14 6 0.93750 139975.46
7 2.50000 74879.52 7 1.87500 294571.19
8 5.00000 168754.25 8 3.75000 554712.01
9 10.00000 312546.88 9 7.50000 1041206.79
10 20.00000 609746.51 10 15.00000 1845245.20
beta chlor

g

— 1o}

< 2

.J . <
.'rj : ]
Adjusted amt . ”
R-Squared = 0.999381, Y = (4234.491550) + (30483.036910) X ba | —

Figure?2: Calibration graph of standard endosulfan Adjusted amt

R-Squared= 0.995307, Y =(30212.523613)+(124658.314170) X

S.no. Concentration (ppm) Area Figure4: Calibration graph of standard chlor pyrifos

1 0.03905 1198.25

g 8:%2;8 i‘;’gg:?}é tecti on for chl orpy'rifoswas recorded to be 0.02929ug/

4 0.31250 6744.82 g (Figure 4), which was well below the MRL of

5 0.62500 10854.48 chlorpyrifos(1ug/g[ CODEX] and 0.1ug/g[Bureau of

6 1.25000 18457.24 Indian Standards]) which accentuatesthevalidity of the

g g:ggg% Zgggg:zg method. Thecalibration graphsfor epdosulfan a, en-

9 10.00000 108245.32 dosulfan 8 and endosulfan sulfate (Figures 1-3) were

10 20.00000 198542.24 found to belinear from 0.03905 to 20ug/ml withacor-

sutfate relation coefficient of 0.9992, 0.9993 and 0.9980 re-

spectively. Thecalibration graph for chlorpyrifos (Fig-

ure 4) was also found to be linear from 0.02929 to

15ug/ml with acorreation coefficient of 0.9953. These

graphswereused to cal cul ate the concentration of en-

8 dosulfan and chlorpyrifos residues in the fortified

= samplesand could be used for test sampl es.

# In order to get higher accuracy in the detection of

pesticide residues, selection of suitablewavelengthis

! very important. During the courseof collection of spec-

e train thisstudy, all thefour pesticides(endosulfan o,

Adjusted amt endosulfan 3, endosulfan sulfateand chlorpyrifos) found

R-Squared = 0.998080, Y=(3342.215186)+(9884.022631) X

Figure3: Calibration graph of gandar d endosulfan sulphate tosbsorblight &t thewavelength of 198-207nm. Thus,

thewave ength of 202nm(average) wassdectedinthe
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Figure5: HPL C chromatogram of sandard endosulfan a,,
endosulfan B, endosulfan sulfate (20ppm each) and
chlorpyrifos (15ppm) together
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Figure6: HPL C chromatogram of sample spiked with
endosulfan a, endosulfan B, endosulfan sulfate (20ppm
each) and chlor pyrifos(15ppm) together
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Figure 7 : HPLC chromatograms (superimposed) of
different dilutions (ppm) of standard endosulfan a,
endosulfan B, endosulfan sulfateand chlor pyrifos

present study with areference wavelength of 360 nm.
It yielded stable baseline, lessinterfering peaks and
good amplitude of thechromatograms. Thiswaveength
(202nm) hasa so been employed by lorger and Smitht?.

In other studies, Reuke and Hauck?! employed a
wavel ength of 220 nm for the detection of endosulfan
residues. But in the present study, when the standards
wereruninthedua mode(202 and 220nm), the sensi-
tivity recorded was higher at 202 nm compared to
220nm.

Theisocratic mobile phase of acetonitrile:water
(67:33) wasused to perform the high performancelig-
uid chromatography asit showed least background in-
terference because of low absorbance of acetonitrilein
198 to 220nm range of wavelength. Thisresultisin
accordance with therevelations of Moye?. Severa
workershave also used acetonitrile:water asthe mo-
bile phase for the detection of endosulfan’? and for
chlorpyrifod® but at dightly different ratio of 65:35. At
theratio of 67:33, it wasobserved that dl thefour pes-
ticides (endosulfan o, endosulfan 3, endosulfan sulfate
and chlorpyrifos) got € uted earlier than the onethat
eluted at 65:35 with the same amplitude and separation
of the peaks (Figures 5 and 6) giving advantage of re-
ducing theruntime. Using thismobile phase, the pesti-
cides, viz,, endosulfan o, endosulfan 3, endosulfan sul-
fate and chlorpyrifos on an average got euted at
14.6(14.32-14.88), 11.52(11.25-11.82), 7.94(7.69-
8.10) and 15.35(15.25-15.85) minutes(TABLE 1),
respectively.

To estimate therecovery percentage of endosulfan
and chlorpyrifosresidues, the samples detected nega-
tivefor these pesticideresidueswerefortified with dif-
ferent known concentrationsof standard endosulfanand
chlorpyrifos. On HPLC analys's, therecovery percent-
age (£ S.E.) obtained were 83.11+2.65, 96.70+3.00,
84.47+3.44 and 86.17+ 4.09 for endosulfan a, en-
TABLE 1: Retention time, recovery per centageand correc-

tion factor for endosulfan and chlor pyrifosin fortified buffalo
meat samples

Mean retention Mean Correction
Pesticide time(Min.) recovery % factor
(range) (*SE)

14.6

Endosulfan o (14.32-14.88) 83.11+265 1215
11.52

Endosulfan 3 (11.25-11.82) 96.70+3.00 1.034
Endosulfan 7.94

sulfate (7.69-8.10) 84.48+3.44  1.183
. 15.35

Chlorpyrifos (15.25-15.85) 86.17+4.09 1.160

S.E.: Sandard Error
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dosulfan 3, endosulfan sulfateand chlorpyrifos, respec-
tively (TABLE 1 and Figures5and 6). Inall the cases,
morethan 80% recovery of resdueswasobtained which
indicated the suitability of the methodol ogiesdeve oped
inthisstudy. Thecorrection factorscalculated by using
the values of recovery percentage are 1.215, 1.034,
1.183and 1.160 for endosulfan o, endosulfan 3, en-
dosulfan sulfateand chlorpyrifos, respectively.

CONCLUSION

Based on theresults of thisstudy, 18 minuterun
time, good limit of detection (sengitivity) and recovery
percentage, the methodol ogiesdeve oped could beused
to detect endosulfan and chlorpyrifosresiduesinfield
samples. Thecorrection factorscould beused to quantify
endosulfan and chlorpyrifosresiduesinfield samples.
Thismethod could be applied and isopen for further
research to detect residues of other pesticides.
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